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Trench isolation structure, semicmiductor assembly conqprising such a trench isolation, and 
method for forming such a trench isolation 

• • 

< 

The present invention relates to a trench isolation structure, comprising a slab 
of semiconducting matmal having a sur&ce and a buried layer which extends parallel to the 
sur&ce, and a trench groove which extends at least from the sur&ce through the buried layer 
down to a part of the slab below the buried layer and which comprises a first insulating 
5 material having a thickness on a wall of the trench groove, and wherein a remaining part of 
the trench groove is at least partially filled with a first filler material. 

Furthermore, the mvention relates to a semiconductor assembly, comprising 
such a trench isolation structure, and at least one semiconductor device present on the sur&ce 
of the slab of semiconducting material, wherein the semiconductor device is insulated by 
10 means of the trench isolation stmcture. 

The present invention also relates to a method for forming a trench isolation in 
a semiconductor slab, comprising the steps of: 

providing a slab of semiconducting material having a sur&ce and comprising a buried layer 
parallel to and below the sur&ce; forming a trench groove in tihe semiconductor slab, the 

15 trench groove having a bottom sur&ce and a sidewall, and extending from the first surface 
through the buried layer and into the slab of semiconducting material; filling the trench 
groove at least with a first insulating material and with a first filler material, wherein the first 
insulating noaterial covers at least the bottom sur&ce and the sidewall in a layer having a 
thickness d, and wherein the first filler material at least partially fills a remaining part of the 

20 trench groove. 

Generally, in high-performance bipolar and BiCMOS processes, deep trench 
isolation is applied in order to reduce parasitic capacitances, improve packing densities and 
improve device isolation. With decreasing device dimensions, an increasing part of the 
collector-substrate capacitance for minimum size transistors is contributed by the edge of the 
25 buried layer-substrate junction (perimeter contribution). With the use of a deep trench 
isolation which reaches through the buried layer, this contribution can be reduced 
significantly. Furthermore, collector-collector spacing can be reduced without violating 
breakdown demands. Ordinarily, in order to minimize collector-substrate capacitance, a 
material with low dielectric constant (e.g. silicon dioxide) would be preferable to fill up the 
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trenches conq)letely. However, a con^>lete BiCMOS-pioces can introduce thermally induced 
stress, due to mismatch of the thermal expansion coefficients of the dielectric material and 
the silicon substtate. It can also influence electrical characteristics. Therefore, a polysilicon 
filled deep trench with a thin dielectric liner is generally applied. 



US patent No. 5,966,598 discloses a trench isolation structure and a method 
for forming such a trench isolation stmcture. The trench isolation stmcture comprises an 
epitaxial layer, a buried layer, a silicon substrate. Trench grooves extend vertically through 

10 the epitaxial layer and the bviried layer. In one embodiment, a lower part of the trench groove, 
which part extends ftom the substrate all through the buried layer to the epitaxial layer, is 
jQlled with polysilicon, while a remaining part is filled with an insulator. In another 
embodiment, a silicon oxide film is present below the buried layer. The bottom surface of 
trench groove extends through the buried layer and reaches an inter&ce between the silicon 

15 oxide layer and the b\med layer. A first inter-layer insulator is formed on both v^cal side 
waUs and a bottom wall of each trench groove. Polysilicon films are provided which fill up 
lower regions of the trench grooves. A second inter-layer insulator is provided on the 
polysilicon films within the trench grooves so that the second inter-layer insulator fills up the 
upper regioa of the trench groove. 

20 . A problem with the known trench isolation stractures is that they do not 

provide at the same time low parasitic capacitance values and nainimum stress generated due 
to mismatch of thermal expansion coefficients. This limits the integration in a fijll BiCMOS 
process. It specifically limits the reduction of coUector-collector spacing or minimum device 
dimensions in general. 

25 

It is an object of the present invention to provide an iinpmved trench isolation 
structure of the indicated kind, which provides favourable parasitic capacitance values while 
ensuring at the same time good insulating properties and low thermally induced stress, when 
30 used in a semiconductor device assembly. In this way, a sn[ialler ntiinimum device assembly 
dimension becomes possible. 

Said object is achieved by a trench isolation structure according to the 
invention, which is characterized in that at least in a first part of the trench groove which is 
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surrounded by the buried layer, the thickness is larger than the thickness in a second part of 
the trench groove which is located below the first part 

The present inventor has found that with such a trench isolation, i.e. havmg a 
layer of first insulating material with a thickness at the level of the buried layer which is 

5 larger than the corresponding thickness below the buried layer, oflfers a sufficiently low 
parasitic capacitance, while the stress generated due to the mismatch of the thermal 
expansion co-efficients is minimized Furthermore, a separate insulating layer in the slab, 
such as the silicon dioxide layer in the case of the cited US patent, is no longer necessary. 
Hence a shnpler construction with improved characteristics may be obtamed. 

1 0 Here, the words "surrounded by" indicate that the first part is located within a 

volume of the trench groove bounded by the sidewalls of the trrach groove and by an upper 
sur&ce and a lower sur&ce which are at the same level or depth as an upper sur&ce and a 
lower surface, respectively, of the buried layer. It is not necessary, though inreferable, that the 
first part completely occupies the volume as described above. 

1 5 Within the fiamework of the present invention, such words as 'Tjelow", 

"above", "lower", "upper", and so on, are to be consid^ed with respect to the semiconductor 
slab, as seen in a direction perpendicular to the sur&ce th^eof E.g. 'T>elow" means "at a 
greater depth below the sur&ce of the SCTUConductoor slab". 

Generally, the semiconductor slab is a substrate, onto which the buried layer is 

20 deposited, or formed in any other &shion. On top of the buried layer, another layer of 
semiconducting material is formed. In most cases, this will be an epitaxial layer of 
semiconducting material. For this ^plication, the assembly of the slab semiconducting 
material, the buried layer and the other (e.g. epitaxial) layer of semiconducting material is 
sometimes called the slab. It will be clear in which cases only the substrate, or lowest part of 

25 this assembly is meant 

The thickness of the first insulating naaterial is a function of position in the 
trench groove, in particular of the depth below the surface of the slab. According to the 
invention, this thickness in the part of the trench groove located below the first part is smaller 
than the thickness in the first part 

30 Preferably, the tiiickness in the first part is larger than the thickness in a third 

part of the trench groove which is located above the first part In this way it is ensured that 
the resulting region with first insulating material is as small as possible without giving up the 
advantages according to the present invention. In other words, the first insulating material is 
present only at the location where its effects are largest, in particular at the level of the buried 
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layer. Since tbis buried layer can cany a relatively large part of (induced) currents, the 
insulating and capacitance properties at this level should preferably be optimum. However, it 
is possible that the thickness in the third part is larger than the thickness in the first part, e.g. 
if the trench groove has diverging sidewalls, the width being largest near the surface of the 
5 slab, and the first and third part of the trench groove are completely filled with the first filler 
material. In the case of a trench groove with parallel sidewalls, this effect is not likely to 
occur. 

Advantageously, the first part is completely filled with the first insulating 
material. This means that only first iasulating material is present in a cross-section taken 

10 through the first part of the trench groove, in a plane parallel with the plane of the buried 
layer. The advantageous properties, in particular the insulating properties, of a first part of 
such design are optimum. However, it is possible to use a first part which is partiy filled with 
another suitable material, for example a first filler material. In such a fibrst part, the first 
insulating material may come ia a layer with an increased thickness when compared to the 

15 thickness in other parts of the trench groove. 

In a preferred embodiment, the first part extends substantially in line with the 
buried layer. This means that the first part has an upper sur&ce and a lower surface, which 
when extended coincide with the upper sur&ce and the lower sur&ce of the buried layer, 
respectively. The term "substantially" indicates that the distance between the associated 

20 lower surfaces and upper sur&ces, respectively, may be up to 10% of the tibdckness of the 
buried layer, e.g. to account for uneveimess in said sur&ces. This way, the volume taken up 
by the first part is bounded by the layer of first insulating material on the sidewalls of the 
trench groove, and by the lower and upper sur&ces of the second insulating material. For 
practical purposes, the first part may be thought of extending also to that part of Ihe layer of 

25 first insulating material between the sidewalls and the volume of second insulating material. 

A preferred first insulating material comprises an oxide material, more 
preferably silicon oxide. Silicon dioxide is a very good insulator with a favourably low 
dielectric constant It also has the advantage that it is very easy to provide the trench groove 
with silicon dioxide. This may be done e.g. by means of deposition via tetra ethyl ortho- 

30 silicate (TBOS), or high density plasma deposition (HDP). Other methods like oxidizing the 
silicon of the slab are not excluded, however. 

An advantageous first filler material comxndses silicon, preferably polysilicon. 
This material is very suitable to ensure favourable thermal behaviour, since it differs little or 
not from the material of the semiconductor slab itself. Of course, if the semiconductor slab 
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comprises a different laaterial, e.g. germamum, or gallium arsenide, the first fili^ material 
could be selected accordingly, preferably the corresponding semiconducting material. 

The invention provides an advantageous semiconductor assembly, comprising 
a trench isolation structure according to the invention, and at least one semiconductor device 
5 present on the sur&ce of the slab of semiconducting material, wherein the semiconductor 
device is insulated by means of the trench isolation structure. 

Such a semiconductor assembly may offer &ster switching speed and/or 
improved thermal behavior at smaller dimensions. Fvirfhermore, such an assembly may be 
fabricated with a smaller distance between the semiconductor devices, in the case of multi- 
10 device assemblies. This is allowed by the trench isolation stracture according to the 

invention, which offers an impmved combination of insulating and thermal stress properties 
at the same inter-device distance, or equal such properties at a reduced inter-device distance, 
when compared to conventional trench isolation structures. 

Although the semiconductor device in an assembly according to the invention 
15 is not particularly limited, the semiconductor devices preferably comprise transistors, and 
more preferably bipolar or bipolar transistors in a BiCMOS process. The demands with 
respect to such components are very high, and improvemCTits in respect of their application 
are very important througjhout the semiconductor and electronics industry. 

The metibod by which a trench isolation stracture according to the invention is 
20 obtained is not critical, as long as it results in the advantageous described trench isolation 
stracture. However, the invention provides a preferred method of the kind mentioned in the 
introduction, characterized in that at least in a first part of the trench groove which is 
surrounded by the buried layer, the thickness is made larger than the thickness in a second 
part of the trench groove which is located below the first part 
25 As mentioned hereinbefore, by selecting the thickness as indicated, the 

favourable combination of good capacitance properties and reduced thermal stress can be 
obtained. 

In an advantageous method, the thickness in the first part of the trench groove 
is made larg^ than the thickness in a third part of the trench groove which is located above 
30 the first part The same advantages as described in respect of a preferred trench isolation 
stracture hold for this method. 

The step of filling the trench groove in a way proposed by the present 
invention is not particulady lindted. Any method known in the art to provide the layer of first 
insulating material with the indicated thickness d, as well as the filling with the first filler 
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material may be used. Preferably however, the step of filling the trench groove comprises the 
steps of covering the bottom surface and the sidewalls of the trench groove with a layer of 
first insulating material ; filling the trench groove with a first filler material at least to a lower 
sur&ce level of the buried layer; removing the first fiOQer material down to a level which is 
5 substantially flush with the lower surface level of the b\xried layer; and filling the remaining 
part of the trench groove at least partially with a second insulating material. 

This offers a very simple method of forming a Irench isolation according to the 
invention, with a nriiriiTmTm nimiber of steps, and hence with increased reliability. 

As Ifae first insulating material in principle any material known in the state of 
10 the art may be selected. However, preferably silicon dioxide is selected. Said silicon dioxide 
may for example be deposited by means of tetra ethyl orfho-silicate (TEOS). Any other 
insulating material may be used as well however. Preferably, the second insulating material 
conq>rises the same ntiaterial as the first insulating material. However, said insulating 
materials may be obtained by means of different processes, or may be different materials 
1 5 altogether. The thickness of the layer can have any desired value, as long as the insulating 
properties are satis&ctory. Preferably, the minimum thickness is at least 100 nm. 

The next step is the filling of the trench with the first filler material at least to a 
lower surfece level of the buried layer. The lower surface level of the buried layer is meant to 
indicate that surfiice of the buried layer which lies deepest in the slab of semiconducting 
20 material. Said step of filling the trench with the first filler material may be performed 

according to any known method. Said filling step comprises filling the retnaiiiing part of the 
trench at least to the lower surface level of the buried layer, and more preferably completely 
filling the remaining part of the trench groove, with the first filler material. It further 
comprises the step of removing the first filler nGiaterial down to a level which is substantially 
25 flush with the lower level of the buried layer. In this way, a very good control over the 
properties of the first filler material can be obtained. 

The next step is filling the remaining part at least partially with a second 
insulating material. As mentioned before, the second insulating noaterial may be tiie same 
material as the first insulating material, or may be substantially be the same material but 
30 obtained through a different method, or may be different firom the first insulating material. 
Examples are silicon dioxide obtainable by means of deposition from TEOS, or by HDP. 

Advantageously, the step of filling the remaining part with the first filler 
material is followed by the steps of removing the second insulating noiaterial down to a level 
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which is substantially flush with an upper surface level of the buried layer, and filling the 
remaining part of the trench groove with a second filler material. 

The second filler material may be the same as the first filler noiaterial. 
However, in many cases it will be preferably to then cover said second filler material with a 
5 protective layer, e.g. another insulating material such as an oxide. Hence it may be preferred 
to use a different second filler material, which need not be covered with yet another material. 
However, care should be taken not to affect the thermal and/or electrical properties of the 
trench isolation structure. 

In a preferred embodiment, the step of removing the first filler material and/or 
10 of the second insulating material comprises etohing the material. Although the step of 

removing the first filler material may be performed by any known method, etohing by means 
of any appropriate etohant is preferred, because of the good control over the properties of the 
materials left behind, in particular the surface quality and purity. 

15 

The invoitiotii will now be e^lainied in more detail, with reference to the 
accompanying drawings, ia which: 

Fig. 1 shows a diagrammatical furst embodiment of the trench isolation 
structure according to the invention; 
20 Fig. 2 shows a diagrajooDDoiatical second embodiment of the trench isolation 

structure according to the invention; 

Figs. 3a-g show a block diagram of a first embodiment of the method 
according to the invention, resulting in the trench isolation structure of Fig. 1; 

Figs. 4a-e show a block diagram of a second embodiment of the method 
25 according to the invention, resulting in the trench isolation structure of Fig. 2; and 

Fig. 5 shows a diagrammatic cross-section of a semiconductor device isolated 
by means of trench isolation structures according to the invention. 

Fig. 6 shows a diagrammatica third embodiment of the trench isolation 
structure according to the invention. 

30 

In Fig. 1, 1 indicates a semiconductor slab, 2 denotes a buried layer, having an 
upper sur&ce 2a and a lower surface 2b, and 3 denotes an epitaxial layer. 
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A trench groove is indicated by 4. The trench groove 4 comprises an liner 5 of 
first insidating material, a fbrst £UU[er ^ 6, a second insulating material 7, having an 
upper surface 7a and a lower sur&ce 7b and a second filler material 8. 

A shaUow trench is indicated by reference numeral 9. 
5 The semiconductor slab 1 is made of silicon, or another suitable 

semiconducting material, and serves as a substrate for e.g. semiconductor devices. Here, the 
slab of semiconducting material is a Ugfhtly doped p inaterial (p-), although n materials are 
not excluded. 

The buried layer 2 consists of a layer of heavily doped material having 
10 opposite polarity, here (n+). Generally, it has a layer shape with substantially flat and parallel 

upper and lower sur&ces 2a and 2b, respectively. The buried layer may be fabricated by any 

known method, e.g. deposition techniques, ion implanting etc. 

On top of the buried lay^ an epitaxial layer 3 is deposited, again tbrougfh any 

known technique. Here the epitaxial layer 3 consists of lightiy doped semiconductor material 
IS having a negative polarity, hence n- material. 

It should be noted tha^ for the purposes of this invention, the assembly of 

semiconductor slab 1, buried layer 2 and epitaxial layer 3 is sometimes also called the 

semiconductor slab. The context will indicate clearly the cases whether the assembly is 

meant, or whether specifically the semiconductor slab, or substrate, is meant 
20 A trench groove 4 is formed in the assenobly of epitaxial layer 3, buried layer 2 

and semiconductor slab 1. The trench groove 4 should be deep enough to go through the 

buried layer 2, and extend into the semiconductor slab 1, in order to optimally insulate the 

one or more parts to be insulated. This is called a deep trench isolation. 

The shape of the trench groove 4 may vary according to requirements. However, it will 
25 mostiy be in the form of a trench groove of some l^gth, extending substantially 

perpendicularly with respect to the sur&ce of the semiconductor slab 1, 2, 3. In some cases, 

though, it noay be advantageous to form trench grooves which extend non-perpendicularly, 

e.g. slanting, with respect to the surface of the semiconductor slab. 

The sidewalls of the groove may be substantially parallel, as may be obtained 
30 by e.g. certain etching techniques, or they may be sHghtiy tapering towards a bottom surface 

of the trench groove. The latter means a slightiy larger maximum width of the trench groove 

4, but allows a better control over the filling of the trench groove. 

The trench groove 4 is covered with a layer or liner of a first insulating 

material 5 on its sidewalls and bottom sur&ce, i.e. completely. Here the first insulating 
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material is silicon oxide, deposited by means of TEOS, to a layer thickness of e.g. 125 nm. In 
most cases, the first insulating material will be produced by oxidizing the material of the 
sidewall. Besides TEOS, other methods may be used, such as HDP (high hensity plasma 
oxides), and HTO (high temperature oxides). Moreover, it is also x)ossible to deposit an 
5 altogether different material, of course having desirable insualting and dielectric properties 
(low 8). Many such materials are known to the person skilled in the art. The layer thickness 
indicated here, and throughout the rest of this application, depends on the insulating material 
used. More specifically, the lower the s of the material, the thinner the layer may be. For the 
oxides discussed here, it tumed out that a layer thickness of 100 xmi or more is desirable to 

10 obtain a sufi&ciently low capacitive coupling. 

In a lower part or bottom part of the trench groove 4 up to the lower sur&ce 7b 
of second insulating material, to be described below, a first filler material 6 is present, in this 
case poly crystalline silicon (polysilicon) deposited by means of LPCVD ^ow pressure 
chemical vapour deposition) or other processes. Minimum thermal expansion coeiBQlcient 

1 5 mismatch with the surrounding senaiconductor material is guaranteed. 

In Fig. 1, a second insulating material 7 is preset and occupies a volume 
which is in line whh the buried layer. The volume has a lower sur&ce 7b and an upper 
sur&ce 7a, tangent planes through which substantially coincide with lower sur&ce 2b and 
lower sur&ce 2a of the buried layer, respectively. In practice, surfaces 2a and 7a on the one 

20 hand, and/or surfaces 2b and 7b on the other hand, may be present at depths which differ 

firom each other slightly, say max. 10% of the thickness of the buried layer. Experiments and 
measurements have shown that with this configuration, very good electrical properties can be 
obtained, while the possibly inducable thermal stress is kept to an acceptable minimum. 
Specifically, the capacitance values at the perimeter (or "edge") of the buried layer, where it 

25 is penetrated by the trench groove, are good, ie. low. Said capacitance value is notably low^ 
than in the case of a completely polysilicon filled trench groove. 

In a first approximation, the capacitive coupling between the buried layer and 
the substrate (senodconductor material) in a homogeneously filled trench isolation structure is 
determined by a series connection of three capacitances. These are the capacitance of the 

30 oxide liner, the capacitance of the filling of the trench, and the capacitance of the oxide liner 
(Le. of the opposite wall of the trench). Assuming that in each case the capacitance is set 
equal to the dielectric constant divided by the thickness of the layer (8ox, tcjx,i or tox^ for the 
first and second oxide liner, and 8diei and tdiei for the filler material), then the total capacitance 
Ctot can be shown to equal 
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(1) 



In the case of silicon dioxide as fhe oxide liner, i.e. the fiist insulating material, e = 3.9. When 
5 the trench is filled with polysilicon, we have s = 1 L9, hence a large capacitive coupling. On 
the other hand, when silicon dioxide is the filler nmterial, we have 8 = 3.9, and a much 
smaller capacitive coupling. Hence, filling all of the trench groove with low 8 dielectric 
material gives the best capacitive values, albeit at the cost of a worse thertnal behavior, as 
discussed previously. 

10 It can be shown that the calculation of the capacitive coupling still holds for a 

trench groove which is only partly filled with oxide material, provided this oxide material is 
present at the level of the buried layer. Hence it is preferable to apply the oxide material only 
at the level of the buried layer. Of course there should still be a liner on the sidewall of the 
trench groove, of oxide or another suitable insulating material. 

15 Fig. 2 shows a second preferred embodiment, which is somewhat easier to 

fabricate. It is to be noted that, in this and the following Figures, like reference numerals refer 
to corresponding parts. For brevity, those parts will not always be elucidated. 

In this embodiment, the "slab" comprises a semiconductor slab 1, a buried 
layer 2, and an epitaxial layer 3. A trench groove 4 is lined with a first insulating material 5, 

20 and a lower part of the trench groove 4, up to a lower surface 2b of the buried layer, is filled 
with a first filler material 6. The rest of the trench groove 4, in this case but not necessarily 
including shallow trench 9, is filled with a second iosulating material 7. 

In certain cases, e.g. semiconductor assCTiblies with lower thermal demands, 
this simpler configuration shows sufficiently improved capacitive coupling values, without 

25 the difference in thermal expansion coefficients being too much of a burden. 

Fig. 3a-g show a block diagram of a first embodiment of the method according 
to the invention, resulting in the trench isolation structure of Fig. 1. 

Fig. 3a shows a slab comprising a semiconductor slab 1, a buried layer 2 and 
an epitaxial layer 3. In the slab a trench groove 4 has been formed, e.g. by etching. 

30 In a next step, shown in Fig. 3b, the side- and bottom waUs of the trench 

groove 4 are covered with an oxide liner 5, through a TEOS process or similar. It is to be 
noted that this detail of the oxide liner is omitted in the Figs. 3c-g for cliarity reasons. 

Fig. 3c shows a step of filling (by depositing etc.) the trench groove 4 with 
polysilicon as a first filler material 6* Although Fig. 3c indicates that the trench groove is 
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JBlled completely, it is to be understood that it is only necessary to fill the trench groove at 
least up to the lower surfece level 2b of the buried layer 2. 

As a next step, shown in Fig. 3d, any polysilicon above the lower sur&ce level 
2b of the buried layer 2 is removed, e.g. by etching back the polysilicon. 
5 Fig. 3e shows the next step of depositing second insulating material 7, here 

silicon dioxide, up to the level of the upper surfece of the buried layer 2. It is to be noted that, 
strictly speaking, there will be some deposition of naaterial on top of the layer of first 
insulating material. However, especially in the case of V-shaped trench grooves, a sufficient 
opening will remain, in which filler material may be deposited. If necessary, i.e. if the width 
10 of the trench would have become too small, a short high firequency "dip" or the like may be 
used to etch open the upper part of the trench groove. 

As a next step shown in Fig. 3f, a remaining part of the trench groove 4 is 
filled witihi second filler material 8, here polysilicon. In this case, the first 6 and second filler 
material 8 are the samei. 

15 As a final step, shown in Fig. 3g, oxide material 10 is deposited in order to fill 

the shallow trench 9. 

The result of the steps of the method shown in Fig. 3a-g is a trench isolation 
structure according to the invention,, which is furthermore protected at its surfece by means of 
an oxide layer. 

20 Fig. 4a-e show a block diagram of a second embodiment of the method 

according to the invention, resulting in the trench isolation structure of Fig. 2. 

Steps and Figs. 4a-d correspond to steps and Figs. 3a-d, and will not be 
e^lained in more detail, for the sake of brevity. 

Fig. 4e shows a final step, in which all of the remaining part of the trench 

25 groove 4 and the shallow trench 9 as well are filled with second insulating nniaterial 7. Since 
the second insulating material 7 has two functions to fulfill, it may be advantageous to select 
a somewhat difierent material. However, in many cases siHcon dioxide will be a good choice. 

Fig. 5 shows a diagraminatic cross-section of a semiconductor device isolated 
by means of trench isolation structures according to the invention. 

30 Again, like reference numerals indicate like parts, which holds for numerals 1 

through 10. Furthermore, a semiconductor device is schematically indicated by emitter 1 1, 
base 12 and collector 13, while 14 indicates a channel stopper known in the art, to improve 
the properties of the trench isolation structure. The parts 1 l-14may be febricated by any 
method known in the art. Furthermore it is to be noted that the parts to be insulated are not 
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limited to such mentioned parts as transistor components base, collector and endtter. Yet in 
many cases they vdll actually be transistors, particularly bipolar or BiCMOS transistors. 

The semiconductor device 1 1, 12, 13 is effectively insulated by means of the 
left and right trench isolation structures. Note that these may be two cross-sections of a single 
5 trench groove encircling the semiconductor device. 

By means of the trench isolation structure the parasitic capacitive covipling 
between (in this case) collector and substrate is reduced signiflcantiy, which means that 
switching speeds may be increased. Furthermore, since the assembly of semiconductor 
device insulated by means of the invCTtive trench isolation structure is more resistant to 
10 thermally induced stress, a further decrease of intyer-device distance may be obtained. This 
may furtiier increase the switching speed of the device. Of course, these advantages are more 
■ explicit in integrated devices, in which large numbers of devices are clbse together, than in 

single transistor devices. 

Fig. 6 shows a diagrammatic third embodiment of the trench isolation 

1 5 structure according to the invention. Here, the first part comprises a non-continuous layer (as 
seen in cross-section) of first insulating material 5. 

Actually, the thickness of the oxide liner on the sidewalls is increased locally 
in part A as compared to the thickness thereof on the rest of the sidewall. Such local increase 
in oxide liner thickness may be obtained in a number of ways. E.g. it is possible to start with 

20 a trench groove, the sidewalls of which have been lined with the first insulating material 

(oxide liner) up to a certain thickness, say 100-150 nm. Next, the trench groove is fifflied with 
a first filler material up to a lower surface level 2b. Next, the thickness of the oxide liner is 
increased by dQ>ositing more first insulating material on the already existing oxide liner. 

A following step would be to anisotropically etch back the first insulating 

25 material fix)m the top of the first filler material in the trench groove, followed by filling the 
groove with first filler material tip to the upper surface level 2a. As a next step, the oxide 
Uner in tiie part of the sidewalls above the upper surfece level is selectively etched back e.g. 
to the original thickness, i.e. the layer thickness in the lower part of the trench groove. 

In a fiml step the remaining part of the trench groove can be filled with first 

30 filler material. In some cases, the trench isolation structure thus obtained can provide even 
better control over the capacitance values, and even less problems due to thermally induced 
stress. 
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Here fhe first insulatiBg material 5 has an iBcreased thickness in first part A, 
located between upper surface level 2a and lower sur&ce level 2b. The rest of the trench 
groove 4 is filled with first filler material 6. 

Other ways and methods to obtain the configuration as described above are 
5 possible and known in fhe state of fhe art, although it will be understood that generally these 
are much more complicated than fhe methods described in connection with Figs. 1-5. In 
particular, the methods and construction as shown in connection with Fig. 6 may be usefiil 
for structures in which the semiconductor material comprises Si. Yet the described and other 
advantages can be obtained in a configuration in which the trench isolation structure having 
10 an increased insulating material layer thickness at fhe level of fhe buried layer. 
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CLAIMS: 



1 . Trench isolation stnictuie, comprising a slab of semiconducting material 

having a sur&ce and a buried layer which extends parallel to the surface, and a trench groove 
which extends at least from the sur&ce through the buried layer down to a part of the slab 
below the buried layer and which comprises a first insulating material having a thickness on a 
5 wall of the trench groove, and wherein a remaining part of the trench groove is at least 
partially filled with a first filler material, characterized in that at least in a first part of the 
trench groove which is surrounded by the buried layer, the thickness is larger than the 
thickness in a second part of the trench groove which is located below the first part 

10 2. Trench isolation structure according to claim 1, characterized in that the 

thickness in the first part is larger than the thickness in a third part of the trench groove which 
is located above the first part 

3. Trench isolation structure according to any of the preceding claims, 

1 5 characterized in that the first part is completely filled with the first insulating material. 

4. Trench isolation structure according to claim 3, characterized in that the first 
part extends substantially in line with the buried layer. 

20 5. Semiconductor assembly, comprising a trench isolation structure according to 

any of claims 1-4, and at least one semiconductor device present on the sur&ce of the slab of 
semiconducting material, wherein the semiconductor device is insulated by means of the 
trench isolation structure. 

25 6. Method for forming a trench isolation in a semiconductor slab, comprising the 

steps of: 

- providing a slab of semiconducting material, having a first sur&ce and comprising a buried 
layer parallel to and below Ihe first surface; 
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- f orming a trench groove in the semiconductor slab, the trench groove having a bottom 
surfece and a sidewall, and extending fix)m the first surfece through the buried layer and into 
the slab of semiconducting material; 

- filling the trench groove at least with a first insulating material and with a first filler 

5 material, wherein the first insulating material covers at least the bottom sur&ce and the 

sidewall in a layer having a thickness d, and wherein the first filler material at least partially 
fills a remaining part of the trench groove, 

characterized in that at least in a first part of the trench groove which is surrounded by the 
buried layer, the thickness is larger than the thickness in a second part of the trench groove 
1 0 which is located below the first part. 

7. Method according to claim 6, characterized in that the thickness in the first 
part of the trench groove is made larger than the thickness in a third part of the trench groove 
which is located above the first part 

15 

8. Method according to any of claims 6-7, characterized in that the step of filling 
the trench groove comprises the steps of: 

- covering the bottom surface and the sidewalls of the trench groove with a layer of first 
insulating material; 

20 - filling the trench groove with a first filler material at least to a lower surface level of the 
buried layer; 

- removing the first fiUer material down to a level which is substantially flush with the lower 
surface level of the buried layer; and 

- filling the remaining part of the trench groove at least partially with a second insulating 
25 material. 

9. Method according to claim 8, characterized in that the step of filling the 
remaining part with the second insulating material is followed by the steps of removing the 
second insulating material down to a level which is substantially flush with an upper sur&ce 

30 level of the buried layer, and filling the remaining part of the trench groove with a second 
fiUiler material. 
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10. Method accoiding to any of claims 8-9, characterized in that the step of 

removing the fiist filler material and/or of the second insulating material comprises etching 
the material. 
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ABSTRACT: 



The present invention provides a trench isolation structure, comprising a 
trench groove (4) in a semiconductor slab (1) with a buried layer (2). The trench groove (4) is 
lined with first insulating material (5), then jQlled with a first filler material (6) up to the level 
of the buried layer. Then second insulating material (7), for example an oxide, is jireferably 
applied in the volume which is surroimded by the buried layer (2). The remaining part of the 
trench groove (4) is either filled with second filler material (8) or with second insulating 
material. 

Said structure provides lower capacitive coupling between buried layer (2) 
edge and substrate (1), with improved thermal behavior. 

The invention fixrthermore provides a semiconductor assembly comprising 
said trench isolation structure and at least one semiconductor device, as well as a method for 
forming such a trench isolation structure. 

Fig. 1 
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